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,QWURGXFWLRQ
6SDFHFUDIWZLWKKLJKO\FRPSOH[)DXOW3URWHFWLRQ)3V\VWHPVHPSKDVL]HWKHQHHGWRH[SORUHLPSURYHGPHWKRGV
RI GHYHORSLQJ WHVWLQJ DQG YDOLGDWLQJ )3 V\VWHPV RI WKH IXWXUH 7R LQYHVWLJDWH PRGHOEDVHG )3 HQJLQHHULQJ D
EHKDYLRUDOPRGHORID)3V\VWHPZDVGHYHORSHGLQDQHQYLURQPHQWWKDWFDQEHH[HFXWHGDQGPRGHOFKHFNHG7KH
PRGHOSURYLGHGDEDVLV IRUFKHFNLQJ)3GHVLJQYHUVXV WKHGHILQHGIDLOXUHVSDFH UXQQLQJIDXOW LQMHFWLRQ WHVWVDQG
DQDO\]LQJPHWKRGVIRUYDOLGDWLRQRIWKH)3ORJLFDOGHVLJQ
,QRUGHUWRJDLQFRQILGHQFHLQWKHYDOLGDWLRQDQGYHULILFDWLRQRIWKHPRGHOEDVHGGHVLJQDQGLWVLPSOHPHQWDWLRQ
WKHIROORZLQJTXHVWLRQVPXVWEHDGGUHVVHG

x 'RHVWKHPRGHOUHSUHVHQWWKHV\VWHP"
x 'RWKHJHQHUDWHGDUWLIDFWVIRUPRGHOFKHFNLQJUHSUHVHQWWKHPRGHO"
x 'RWKHJHQHUDWHGDUWLIDFWVIRUPRGHOFKHFNLQJUHSUHVHQWWKHILQDOVRIWZDUHV\VWHPLPSOHPHQWDWLRQ"

6LPXODWLRQRI WKHPRGHOFDXJKW LQLWLDOPRGHOLQJDQGGHVLJQ WUDQVODWLRQHUURUV7KHDELOLW\ WR LQMHFWDYDULHW\RI
LQSXWVWRWKH)3PRGHOGXULQJH[HFXWLRQHQDEOHGWKHDXWRQRPRXVEHKDYLRUVRIWKHV\VWHPWREHWHVWHGDQGOHDGWR
FRQILGHQFHLQWKHORJLFDOGHVLJQRIWKHPRGHO,WEHFDPHFOHDUDVPRUHHUURUPRQLWRUVDQGUHVSRQVHVZHUHDGGHGWR
WKHPRGHOWKDWLWZRXOGQRWEHSRVVLEOHWRPDQXDOO\UXQVLPXODWLRQVIRUDOORIWKHSRVVLEOHVHTXHQFHVRIWKHPRGHO±
DPRGHOFKHFNHULVQHFHVVDU\WRIRUPDOO\DQGH[KDXVWLYHO\YHULI\WKHPRGHOIRUDOOSRVVLEOHVHTXHQFHV,WLVDVVXPHG
WKDWWKHJHQHUDWHGDUWLIDFWVIRUPRGHOFKHFNLQJUHSUHVHQWWKHPRGHO+RZHYHUWKLVFRXOGEHPLWLJDWHGE\FRPSDULQJ
PRGHOVLPXODWLRQUHVXOWVZLWKWKHH[HFXWLRQRIWKHJHQHUDWHGFRGHIRUPRGHOFKHFNLQJ
%DFNJURXQGRI)DXOW0DQDJHPHQW
)DXOWPDQDJHPHQWLVWKHRSHUDWLRQDOFDSDELOLW\RIDV\VWHPWRFRQWDLQSUHYHQWGHWHFWLVRODWHGLDJQRVHUHVSRQG
WRDQGUHFRYHUIURPFRQGLWLRQVWKDWPD\LQWHUIHUHZLWKQRPLQDOPLVVLRQRSHUDWLRQV)DXOWSURWHFWLRQLVDFRPPRQ
WHUPXVHG WR GHVFULEH WKH HOHPHQWV RI IDXOWPDQDJHPHQW WKDW DUH SDUW RI WKH IOLJKW V\VWHPGHVLJQ )3 FRQVLVWV RI
SURWHFWLYH IXQFWLRQV WKDW DUH GHILQHG WR LQIOXHQFH V\VWHPEHKDYLRU LQ WKH SUHVHQFH RI RIIQRPLQDO XQH[SHFWHGRU
XQLQWHQGHGFRQGLWLRQV7KHVHIXQFWLRQVDUHLPSOHPHQWHGDVDVHWRIPHFKDQLVPVZKLFKDUHSDUWRIWKHIOLJKWV\VWHP
RUJURXQGV\VWHP7KHVHW\SLFDOO\LQFOXGHIOLJKWVRIWZDUH)6:HUURUPRQLWRUVDQGIDXOWUHVSRQVHVEXWDOVRLQFOXGH
RWKHUPHFKDQLVPVVXFKDVFRQWLQJHQF\SODQVDQGVSHFLILFKDUGZDUHHJIXVHVRSWRLVRODWRUV)3LVUHVSRQVLEOHIRU
DFWLRQVVXFKDVKHDOWKDQGUHGXQGDQF\PDQDJHPHQWV\VWHPIDXOWLQWHJUDWLRQDQQRXQFHPHQWKDQGOLQJDQGUHVSRQVH
H[HFXWLRQ
9DOLGDWLRQRI)3GHVLJQVLVKLVWRULFDOO\SUREOHPDWLFZLWKPDQ\H[DPSOHVRILQDGHTXDWHUHVRXUFHVSHRSOHWLPH
DQGEXGJHWDQGRUXQH[SHFWHGSUREOHPV0DQ\IDFWRUVFRQWULEXWHWRWKHVHLVVXHVEXWWKHSUREOHPFDQEHWUDFHGWRD
ODFNRIDSSUHFLDWLRQRIV\VWHPFRPSOH[LW\:KHQFRQVLGHULQJDV\VWHPWKHUHDUHVLJQLILFDQWO\PRUHZD\VWKHV\VWHP
FDQ IDLO FRQWLQJHQF\ SDWKV WKDQ ZD\V LW FDQ VXFFHHG QRPLQDO SDWKV $V 1$6$ FRQWLQXHV WR GHYHORS PRUH
FRPSOH[ DQG FDSDEOH VSDFHFUDIW WKH EHKDYLRU VWDWH VSDFHZLOO LQFUHDVH VWUHVVLQJ WKH DELOLW\ RI WHDPV WR SURSHUO\
XQGHUVWDQGWKHEHKDYLRU
,Q WKHZRUNGHVFULEHGKHUHLQD VXEVHWRI WKH6RLO0RLVWXUH$FWLYH3DVVLYH 60$3)3GHVLJQFRQVLVWLQJRI
HUURUPRQLWRUVORFDODQGV\VWHPIDXOWUHVSRQVHVDQGORJLFIRUDFWLYDWLRQRIV\VWHPUHVSRQVHVLVUHSUHVHQWHGDVDVHW
RIFROODERUDWLQJ6WDWHFKDUWV$UHSUHVHQWDWLYHGHVFULSWLRQRIWKHVHHOHPHQWVLVVKRZQLQ)LJ7KHVHDEVWUDFWLRQV
DORQJ ZLWK RWKHU QHFHVVDU\ DEVWUDFWLRQV RI VSDFHFUDIW EHKDYLRU DUH XVHG WR FDSWXUH WKH QHFHVVDU\ EHKDYLRUDO
FKDUDFWHULVWLFVRIWKH60$3V\VWHP7KHSDWWHUQVIRUGHYHORSLQJWKHDEVWUDFWLRQVDUHSDUWLFXODUO\UHOHYDQWWRDVVXULQJ
WKHLQWHJULW\RIWKHPRGHO

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
)LJ)DXOW3URWHFWLRQ$UFKLWHFWXUH
*HQHULF)DXOW3URWHFWLRQ'HVLJQ0RGHO3DWWHUQV
6WDWHFKDUWVZHUHFKRVHQWRUHSUHVHQW)3EHKDYLRUEHFDXVHWKH\DUHHDVLO\LQWHUSUHWHGE\KXPDQVDQGKDYHDZLGH
UDQJHRIFDSDELOLWLHVDQGRSWLRQVIRUUHSUHVHQWLQJ ORJLFDOEHKDYLRU7KHUHDUHH[HFXWLRQHQYLURQPHQWV1R0DJLF¶V
&DPHR6LPXODWLRQ7RRONLW &67 DXWRFRGHUV DQGPRGHO FKHFNHUV OLNH -DYD3DWK)LQGHU -3) DQG63,1 WKDW
VXSSRUW6WDWHFKDUWV)LJ LOOXVWUDWHV WKHFRPPXQLFDWLRQSDWKVEHWZHHQ6WDWHFKDUWV WKDW UHSUHVHQW WKHEHKDYLRUVRI
WKH)3V\VWHP$OO6WDWHFKDUWVVKDUHDFRPPRQEHKDYLRUSDWWHUQWKDWLQFOXGHVFRPSRVLWHVWDWHVRUWKRJRQDOUHJLRQV
LQWHUQDOEHKDYLRUVVHQGLQJDQGUHFHLYLQJRIVLJQDOVDQGHYHQWVDQGJXDUGVRQWUDQVLWLRQV






)LJ6\VWHP9LHZRI)30RGHO
2UWKRJRQDOUHJLRQVHQDEOHPXOWLSOHVWDWHVLQWKHVDPH6WDWHFKDUWWREHDFWLYHDWWKHVDPHWLPH)RUH[DPSOHD
PRGHPDQDJHU6WDWHFKDUWPD\FRQWDLQWKHV\VWHPPRGHVLQRQHUHJLRQDQGWKH$WWLWXGH&RQWURO6\VWHP$&6
PRGHVLQDQRWKHUUHJLRQDOORZLQJRQHV\VWHPPRGHDQGRQH$&6PRGHWREHDFWLYHDWWKHVDPHWLPH&RPSRVLWH
VWDWHVDUHXVHGWRJURXSEHKDYLRUVLQWRVHWVRIVWDWHVWKDWFDQEHUHIHUHQFHGE\DQDO\]LQJWKHVXSHUVWDWH$JXDUGRQD
WUDQVLWLRQLVDQ,)VWDWHPHQWWKDWPXVWEHWUXHWRSHUIRUPWKHWUDQVLWLRQZKHUHDVDQHYHQWRQDWUDQVLWLRQLVDQ
LQGLFDWRURIWKHVLJQDOWKDWPXVWEHUHFHLYHGE\WKHWUDQVLWLRQLQRUGHUWRSHUIRUPWKHWUDQVLWLRQ,QWHUQDO
µGRHQWU\H[LW¶EHKDYLRUVZLWKLQVWDWHVDOORZLQWHUQDOHYHQWVWREHVHQWWRDQ\RWKHUVWDWHHYHQDVWDWHLQDGLIIHUHQW
6WDWHFKDUW7KLVFDSDELOLW\DOORZVD6WDWHFKDUWWRFRQWURORUWRELGLUHFWLRQDOO\FRPPXQLFDWHZLWKDQRWKHU6WDWHFKDUW
7KHNH\HOHPHQWVWKDWPDNHXSWKH6WDWHFKDUWSDWWHUQDUHVKRZQLQWKHH[DPSOH&RXQWWR7UDQVLWLRQ6WDWHFKDUW
)LJ7KLVSDWWHUQH[SDQGVZHOOWRUHSUHVHQWDYDULDWLRQRIEHKDYLRUVDQGLWFDQEHH[HFXWHGDQGPRGHOFKHFNHG

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)LJ&RXQWWR7UDQVLWLRQ6WDWHFKDUW
0XOWLSOHLWHUDWLRQVRIXSGDWLQJWKHPRGHO¶VDUFKLWHFWXUHKDYHEURXJKWWKHPRGHOWRWKHSRLQWZKHUHLWLVH[SOLFLW
DQGFDQEHH[HFXWHGDQGPRGHOFKHFNHG7KHHUURUPRQLWRUPRGHPDQDJHUGHYLFHDQG)3HQJLQH6WDWHFKDUWVKDYH
WKHFDSDELOLWLHVWRPDSIDLOXUHPRGHVWRHUURUPRQLWRUVHUURUPRQLWRUWRUHVSRQVHVDQGUHVSRQVHDFWLRQVWRIDLOXUH
PRGHPLWLJDWLRQVDVVSHFLILHGLQ60$3GHVLJQGHVFULSWLRQV$GGLWLRQDOO\FRPSOH[EHKDYLRUVOLNHHUURUPRQLWRU
SHUVLVWHQFHUHVSRQVHTXHXLQJDQGDFWLYDWLRQUHDOWLPHLQWHUUXSWHUUHVSRQVHWLHUPDQDJHPHQWKHDOWKVWDWHVDQG
PDVNLQJDQGV\VWHPPRGHWUDQVLWLRQVFDQEHPRGHOHGXVLQJWKHVHEDVLFSDWWHUQHOHPHQWV
%HKDYLRUPRGHOLQJRIGHYLFHVZDVLQWHQWLRQDOO\OLPLWHGWRWKHFKDUDFWHULVWLFVGHVFULEHGLQWKH60$3)DLOXUH
0RGHV(IIHFWVDQG&ULWLFDOLW\$QDO\VLV)0(&$GHYLFHIDLOXUHPRGHVWRUHGXFHRYHUDOOFRPSOH[LW\DQGVWDWH
VSDFHSK\VLFDOFKDUDFWHULVWLFVWKHUPDOPRGHOVKDUGZDUHG\QDPLFVHWFRIWKHV\VWHPQRUHQYLURQPHQWDO
SKHQRPHQRQZHUHLQWKHVFRSHRIWKHPRGHO
)DXOW,QMHFWLRQ7HVWLQJ
&67HQDEOHVPRGHOHGEHKDYLRUVWREHH[HFXWHGSURYLGLQJYLVXDOYHULILFDWLRQRIWKHV\VWHP¶VEHKDYLRUDVZHOODV
H[HFXWLRQORJVDQGDXWRJHQHUDWHGVHTXHQFHGLDJUDPV([HFXWLRQSURYHGWREHQHFHVVDU\IRUGHEXJJLQJWKHPRGHO
DQGJDLQLQJVXIILFLHQWFRQILGHQFHLQWKHFRUUHFWQHVVRIWKHEHKDYLRUEHIRUHPRGHOFKHFNLQJ)DXOWLQMHFWLRQWHVWLQJLV
DOVRDSURGXFWRIWKHH[HFXWDEOHPRGHO5XQQLQJIDXOWVFHQDULRWHVWVH[SDQGVWKHV\VWHP¶VWHVWLQJVFRSHDWORZFRVW
)LJVKRZVDVQDSVKRWRIDQDXWRJHQHUDWHGVHTXHQFHGLDJUDPGXULQJDIDXOWLQMHFWLRQWHVWZKHUHWKHXVHULQMHFWV
)DLOXUH$RIDGHYLFH$XWRJHQHUDWHGVHTXHQFHGLDJUDPVFDQEHFRPSDUHGZLWKHYHQWUHSRUWVWRYHULI\WKHPRGHO¶V
ORJLFDOGHVLJQ

)LJ$XWRJHQHUDWHG6HTXHQFH'LDJUDPIURP)DXOW,QMHFWLRQ7HVW
6WDWHFKDUW3DWWHUQ 6WDWHFKDUW3DWWHUQ>6WDWH 0DFKLQH@VWP >  @
&RXQW
5HG6WDWH*UHHQ6WDWH &2817
VHQG7LFGR 
7,&
6XSHU6WDWH
*R7R*UHHQ>LQ6WDWH21@
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2))@
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0RGHO&KHFNLQJ
+LJKO\ FRPSOH[ V\VWHPV VXFK DV WKH 60$3 )3 V\VWHP DUH GLIILFXOW WR GHYHORS WHVW DQG YDOLGDWH XVLQJ
WUDGLWLRQDOPHWKRGV±)3GHVLJQKDVEHHQSURQH WRKXPDQHUURU DQG VXEMHFW WR OLPLWHGPXOWLIDXOWPXOWLUHVSRQVH
WHVWLQJ7UDGLWLRQDOO\ UHVSRQVHV DUHGHVLJQHG LQGLYLGXDOO\EHFDXVH LW LV QRW IHDVLEOH IRUKXPDQV WR LQFRUSRUDWH DOO
FRPELQDWLRQV RI )3 HYHQWV LQ GHVLJQ RU WHVWZLWKRXW DPRGHO ,W LV DOVR H[SHQVLYH WR XVH KLJK ILGHOLW\ WHVW EHGV
OLPLWLQJWKHVFRSHRIWKHSRVVLEOHFRPELQHGUHVSRQVHWHVWVWKDWFDQEHSHUIRUPHG0RGHOFKHFNLQJSURYLGHVDEDVLV
IRUFKHFNLQJ)3GHVLJQDJDLQVWWKHGHILQHGIDLOXUHVSDFHDQGHQDEOHVYDOLGDWLRQRIWKHORJLFDOGHVLJQDJDLQVWGRPDLQ
VSHFLILFFRQVWUDLQWVIRUH[DPSOHGXULQJDVFHQWWKHUHFHLYHUVKRXOGEH21DQGWKHWUDQVPLWWHUVKRXOGEH2))
$V VKRZQ EHORZ WKH PRGHO FKHFNHU UXQV D WUDQVODWHG VRIWZDUH UHSUHVHQWDWLRQ RI WKH 6\V0/ PRGHO ZLWK
FRUUHFWQHVV SURSHUWLHV ORJLFDO DVVHUWLRQV LQ RUGHU WR ILQG LQVWDQFHV RI V\VWHP EHKDYLRU WKDW QHJDWH WKH ORJLFDO
DVVHUWLRQV:KHQ D ORJLFDO DVVHUWLRQ LV QHJDWHG WKH PRGHO FKHFNHU KDV IRXQG D FRXQWHU H[DPSOH WR WKH GHVLUHG
V\VWHPEHKDYLRU


)LJ0RGHO&KHFNLQJ,QSXWDQG2XWSXW
5.1. Modeling for Model Checkers 
7KH VL]HRI WKHPRGHO FKHFNLQJ VWDWH VSDFH LV DYDOXDEOH LQGLFDWRU IRU WKHFRPSOH[LW\RI WKHPRGHO$VPRGHO
FKHFNLQJLVFRPSXWDWLRQDQGPHPRU\LQWHQVLYHLQLWLDOPRGHOFKHFNLQJUXQVZHUHIRXQGWRWDNHGD\VWRH[KDXVWLYHO\
FKHFN D VPDOO VXEVHW RI WKH 60$3 )3 V\VWHP LQ -3) ,W EHFDPH DSSDUHQW WKDWPRGHOLQJ SDWWHUQV VKRXOG DLP DW
GHFUHDVLQJWKHVWDWHVSDFHZKLFKUHVXOWHGLQWKH6WDWHFKDUWSDWWHUQSUHYLRXVO\GHVFULEHG
7KH6WDWHFKDUW LQ)LJ SURYLGHV D VWUDLJKWIRUZDUG H[DPSOHRI DPRGHO FKHFNLQJ DSSOLFDWLRQ7KH FRUUHFWQHVV
SURSHUW\ LQVHUWHG LV WR HQVXUH WKDW VWDWH % DQG VWDWH ' DUH QHYHU DFWLYH DW WKH VDPH WLPH DVVHUWLQ6WDWH% 		
LQ6WDWH'
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

)LJ-3)0RGHO&KHFNLQJ([DPSOH
7KLV6WDWHFKDUWLVWUDQVODWHGWR-DYDDQGWKHDERYHFRUUHFWQHVVSURSHUW\LVLQVHUWHGPDQXDOO\LQWRWKHFRGH:KHQ
-3)UXQVLWLQVWDQWO\ILQGVDFRXQWHUH[DPSOHWRWKHDVVHUWLRQDQGRXWSXWVDQHUURUWUDFHDQGSHUIRUPDQFHVWDWLVWLFV
7KHVWDWLVWLFVVKRZWKDWWKHUHLVQRHODSVHGWLPHQHHGHGWRSHUIRUPWKLVYHU\EDVLFPRGHOFKHFNLQJWDVN
7KH DGMXVWPHQWV PDGH WR WKH 60$3PRGHO LQ RUGHU WR UHGXFH WKH VWDWH VSDFH LQFOXGH  8VH RI FRPSRVLWH
6WDWHFKDUWVZLWKRUWKRJRQDOUHJLRQVWRGHILQHHDFKEHKDYLRU,WZDVYHULILHGWKDWWKHVWDWHVSDFHRID6WDWHFKDUWZLWK
RUWKRJRQDO UHJLRQV LV HTXLYDOHQW WR D IODW 6WDWHFKDUW VLQFH 6WDWHFKDUWV DUH RQO\ D QRWDWLRQDO HQKDQFHPHQW RI WKH
6WDWHFKDUWV+RZHYHUWKH6WDWHFKDUWUHSUHVHQWDWLRQLVPRUHFRPSDFWDQGWKHPRGHOLVPRUHUHDGDEOH*XDUGVZHUH
SODFHGRQ WUDQVLWLRQVZKHUHYHUSRVVLEOH$GGLQJJXDUGV WR WUDQVLWLRQV UHGXFHV WKHFRPSOH[LW\RI WKH V\VWHP WREH
FKHFNHGOLPLWLQJWKHQXPEHURISDWKVPDNLQJLWTXLFNHUWRFKHFN7KHUHVSRQVHTXHXHVL]HZDVOLPLWHGWRDILQLWH
QXPEHUWRDYRLGVWDWHVSDFHH[SORVLRQ
7KH LQLWLDO DWWHPSW DW DUFKLWHFWLQJ WKH )3PRGHO GLG QRW FRQVLGHU WKH OLPLWDWLRQV RI WKH WRRO FKDLQ 7KH LQLWLDO
PRGHO XVHG FRPSOH[ HOHPHQWV DQGGLDJUDP W\SHV QHVWHG ORJLF KLGGHQ ,I VWDWHPHQWV FRPSOH[6WDWHFKDUWPRGHO
HOHPHQWVHJGHFLVLRQQRGHVDQGJOREDOYDULDEOHV6LPXODWLRQDUWLIDFWVEHJDQRYHUWDNLQJWKHPRGHOEHFDXVHRIWKH
FRPSOH[ HOHPHQWV DQG QHVWHG ORJLF 7KXV WKH PRGHO DUFKLWHFWXUH ZDV UHIDFWRUHG WR XVH H[SOLFLW ORJLF DQG EDVLF
6WDWHFKDUW HOHPHQWV OHDGLQJ WR D PXFK FOHDQHU DQG FOHDUHU DUFKLWHFWXUH ZLWK D VPDOOHU VWDWH VSDFH WKDW FDQ EH
VLPXODWHGDQGPRGHOFKHFNHG
7KHIXQGDPHQWDOGULYHUVRIWKHPRGHOLQJWDVNDUHSDWWHUQVDQGSUDFWLFHVWKDWOHDGWRHIILFLHQWPRGHOFKHFNLQJLH
NHHSLQJWKHVWDWHVSDFHDVVPDOODVSRVVLEOH0RGHOFKHFNLQJVKRXOGDOORZDQH[KDXVWLYHVHDUFKWREHSHUIRUPHGLQ
UHDVRQDEOH WLPH RYHUQLJKW DQGZLWK DFFHSWDEOHPHPRU\ FRQVXPSWLRQ 7KH JRDOV DUH WRPDNH FKHFNLQJ RI ODUJH
V\VWHPPRGHOVDVWDQGDUGSUDFWLFHWKDWLVDFFHVVLEOHWRDZLGHUDXGLHQFHRIHQJLQHHUVDQGWRPDNHXVLQJWKHWRROHDV\
E\DXWRPDWLQJWKHSURFHVV

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5.2. System’s Properties 
7KHIROORZLQJDVVHUWLRQVDUHH[DPSOHVRISURSHUWLHVWRFKHFNWKDWZHUHLQSXWLQWRWKHWUDQVIRUPHGPRGHOSULRUWR
UXQQLQJ-3)7KHJRDORIPRGHOFKHFNLQJLV WRHQVXUHWKDWQRQHRI WKHVHORJLFDOVWDWHPHQWVDUHYLRODWHGLQ WKH)3
GHVLJQ 7KHVH DVVHUWLRQV ZHUH IRUPXODWHG IURP UXOHV VWDWHG LQ WKH 60$3 0RGH 0DQDJHU )XQFWLRQDO 'HVLJQ
'HVFULSWLRQ)''0RGH0DQDJHUFRQILJXUDWLRQWDEOHVDQG60$3)DXOW3URWHFWLRQ)''
  7DEOH0RGHO&KHFNLQJ$VVHUWLRQ([DPSOHV
$VVHUW
,ILQ,GOHDWWLWXGHFRQWUROV\VWHPPRGHVWDWHWKHQLQ7HVWV\VWHPPRGHVWDWHRU3UHODXQFK
V\VWHPPRGHVWDWH
,ILQV\VWHPUHVSRQVH$VWDWHWKHQQRWLQV\VWHPUHVSRQVH%VWDWH
 


$VVHUWLRQVDUHDVLPSOHZD\WRFKHFNORJLFDOEHKDYLRURIWKHV\VWHPZKHQH[HFXWLQJDHQWU\GRH[LWEHKDYLRU
5.3. Model Checking Results 
)LJVKRZV WKHSHUIRUPDQFHRI-3)IRUGLIIHUHQWVHDUFKGHSWKVGXULQJGHSWKOLPLWHGLHDVXEVHWRI WKHVWDWH
VSDFHLVH[SORUHGPRGHOFKHFNLQJ&RPSDULQJDGHSWKRIWRDGHSWKRIFRQILGHQFHLQ WKHYDOLGDWLRQRI WKH
V\VWHP LQFUHDVHV  VWDWH FRYHUDJH WR  VWDWH FRYHUDJH 7KH SHUIRUPDQFH RI WKH PRGHO FKHFNHU JUHDWO\
GHFUHDVHV DV WKH GHSWK LQFUHDVHV EHFDXVH WKH VWDWH VSDFHJURZVH[SRQHQWLDOO\ZLWK HDFKGHSWK)RU H[DPSOH DW D
GHSWKRIWKHPRGHOFKHFNHUH[SORUHGQHZVWDWHVLQVHFRQGVZKHUHDVDWDGHSWKRIWKHPRGHOFKHFNHU
H[SORUHGRYHUPLOOLRQQHZVWDWHVEXWLWWRRNDERXWKRXUV'HSWKOLPLWHGPRGHOFKHFNLQJKDVSURYHGWREHYHU\
HIIHFWLYHEHFDXVHHUURUVFDQEHIRXQGYHU\TXLFNO\LQVPDOOGHSWKVHUURUVZHUHIRXQGDWDGHSWKRIFRUUHFWHG
DQGWKHQWKHQH[WVHWRIHUURUVFDQEHIRXQGDWDODUJHUGHSWKHUURUVZHUHIRXQGDWDGHSWKRI$WVRPHSRLQW
WKHHQJLQHHUFDQGHFLGHLIWKHFRQILGHQFHOHYHOLVKLJKHQRXJKDWDFHUWDLQGHSWKRULILWLVUHTXLUHGWRKDYHWKHPRGHO
FKHFNHUUXQDQH[KDXVWLYHVHDUFKRIWKHPRGHO

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
)LJ-3)'HSWKOLPLWHGVHDUFKUHVXOWV
&RQFOXVLRQVDQG)XWXUH:RUN
$PRGHO WKDWFRUUHFWO\UHSUHVHQWV WKHORJLFDOEHKDYLRURID)3V\VWHPFDQEHH[HFXWHGDQGH[KDXVWLYHO\PRGHO
FKHFNHG WR SURYLGH YHULILFDWLRQ RI WKH V\VWHP EHKDYLRU DJDLQVW UHTXLUHPHQWV DQG IRUPDO YDOLGDWLRQ RI WKH ORJLFDO
GHVLJQ7KHHQGSURGXFWVRIWKLVH[HFXWDEOHDQGYHULILDEOHPRGHOHIIRUWDUHWKH6\V0/PRGHOSDWWHUQVWKDWH[SUHVV
)3ORJLFDOGHVLJQDIDXOWLQMHFWLRQWHVWLQJLQWHUIDFHWKDWXWLOL]HVWKH6\V0/PRGHODQGDQH[HFXWLRQHQJLQHSOXJLQ
DXWRPDWLFVHTXHQFHGLDJUDPJHQHUDWLRQRIWKHH[HFXWDEOHPRGHODQGDPRGHOFKHFNLQJWRROVXLWHWRYDOLGDWHORJLFDO
GHVLJQE\WHVWLQJDVVHUWLRQV
$EVWUDFWLRQV RI D UHDO )3 V\VWHP 60$3 )3 ZHUH GHYHORSHG WR FDSWXUH V\VWHP RIIQRPLQDO EHKDYLRU DQG
UHVSRQVHVLQ6\V0/6WDWHFKDUWV7KHVHDEVWUDFWLRQVDUHLPSURYLQJRYHUWLPHZLWKIHHGEDFNIURPPRGHOVLPXODWLRQ
DQGPRGHOFKHFNHUUHVXOWVDQGSHUIRUPDQFH$PRUHFRPSOHWH60$3)3PRGHOLVFXUUHQWO\EHLQJGHYHORSHGZKLFK
ZLOOLQFOXGHDOOHUURUPRQLWRUVUHVSRQVHVDQGFRQILJXUDWLRQWDEOHVDVZHOODVDGGLWLRQDOFRPSOH[EHKDYLRUVVXFKDV
KLVWRU\VWDWHVIRUUHVHWORJLFDQGUHVSRQVHPDVNLQJ$FKDOOHQJLQJEXWUHZDUGLQJJRDOLVWRLPSOHPHQWWKHFRPSOHWH
)0(&$LQWRWKH)3PRGHOWRUHSUHVHQWV\PSWRPVDQGIDLOXUHPRGHV7KHFRPELQDWLRQRIWKHIXOOVHWRIV\PSWRPV
DQG WKH )3 V\VWHP EHKDYLRU DOORZV IRU H[KDXVWLYH DQDO\VLV WR EH SHUIRUPHG YLD PRGHO FKHFNLQJ 3K\VLFDO
SKHQRPHQRQVXFKDVWKHLPSDFWRIVSDFHFUDIWZREEOLQJRQWKH)3V\VWHPLVQRWFDSWXUHGLQWKLVW\SHRIVWDWHFKDUW
PRGHOKRZHYHURXWSXWIURPSK\VLFVDQGFRQWUROUHODWHGDQDO\VHVFRXOGEHFRXSOHGZLWK)6:EHKDYLRUPRGHOVWR
LQFUHDVHWKHVFRSHRIWKHPRGHOFKHFNLQJDQDO\VLVWRLQFOXGHIRUH[DPSOHXQSUHGLFWHGFRQGLWLRQV$GGLWLRQDOIXWXUH
PHWULFV WR HYDOXDWHZLWK WKH)3EHKDYLRUPRGHO FRXOG LQFOXGH WLPHWRUHVWRUH DQGSUREDELOLW\RIFRUUHFWLRQJLYHQ
GLIIHUHQWVWDWHFRQGLWLRQVDQGRSHUDWLRQDOPRGHV
 
$FNQRZOHGJHPHQWV
*+RO]PDQQ*:DWQH\&+DYHOXQG 30HDNLQ 30HKOLW] DQG1HULMXV -DQNHYLFLXV7KLV UHVHDUFK ZDV
FDUULHGRXWDWWKH-HW3URSXOVLRQ/DERUDWRU\&DOLIRUQLD,QVWLWXWHRI7HFKQRORJ\XQGHUDFRQWUDFWZLWKWKH
1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQDQGDWWKH(XURSHDQ6RXWKHUQ2EVHUYDWRU\
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